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Abstract 
In less than a decade, the Internet has revolutionized the world of 
information.  There was a time when gathering a piece of 
information took sometimes months, days or at least a few hours.  
Today, with the Internet, large amounts of information covering a 
very wide range of subjects are available in seconds – information is 
just a click away!  This may sound very exciting and revolutionary 
but it seems that a simple but very important point is being missed.  
The question we must ask ourselves at this point is “are we really 
looking for “large amounts” of information covering a “wide range 
of subjects?”  A user under very rare circumstances seeks “very 
general” information, encompassing large amounts with no specific 
focus.  Unfortunately, searching on the Internet in many cases results 
in just this.  With the rapid uncontrolled growth of information on the 
net, the information seeker is lost in chaos, unable to pin pointedly 
get what he wants spending minimum time and effort. Information is 
hence not really “just a click away”.  It is only after several clicks 
(and several hours of browsing without focus) that most of us find 
what we “exactly” want from the net. 
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1 Why is net in chaos? 
There is no questioning the utility value of the large amounts of information 
available on the Internet.  Access to information from any where around the globe 
is now possible by sitting in front of one’s computer in his office or even home. 
However, this does not detract from the fact that there is chaos in the way that this 
information is organized. This electronic chaos may be due to the following 
reasons: 
 
Very large number of contributors – The Internet boasts of a “free for all” policy.  
Practically anybody can put up almost anything on the net today.  Contributors 
have the major advantage giving of global access to their work.  The flip side of 
the coin is how are they sure their contributions will ever be viewed/accessed at 
all?  
 
Enormous number of resources – This is a manifestation of the previous instance.  
As more and more people contribute, the growth of the Internet is slowly (but 
steadily) going out of control 
 
Inefficient retrieval tools – There are several tools on the net that help us retrieve 
information. Search engines, Subject gateways, Meta Search engines and the like 
have gained popularity.  However, the fact remains that none of these tools have 
proved to be robust enough to overcome the practical difficulties such as 
duplication, irrelevance or misleading results.   
 
Although a lot of research in going on in the area of refining these search tools, this 
does not address the root of the problem - the electronic document, itself.  Large 
amounts of information today are available in the e-format alone – be it text, 
images, animated pictures, videos or sound.  If these e-documents could be 
coherently described and then organized using the basic rules of library science as 
a guideline, this possibly is a step towards a viable solution.  Historically, 
librarians have proved to be organizers of information.  They have successfully 
Tools for Assigning subjects to e-documents………                                               Paper: AD 
 3 
managed various types of information for centuries.  This has been achieved by the 
creation of “document surrogates” or a “catalog entry” to describe a book.  The 
basic purpose of this catalog is to assist the reader to decide whether or not he/she 
wants to read the book based on this description.  It has been proven over time that 
this scheme is very effective.  Thus, if every e-document had a catalog entry, then 
tools could be built to easily access them based on the access point of the 
information seeker.  Documents may then be classified using a classification 
scheme as a basis.  However, a manual description of every e-document presently 
existing on the web is not practically viable.  It is a very expensive, time 
consuming labor-intensive mammoth task for any group of professionals, let alone 
trained librarians.  Automated tools that can apply the ideas of library science to 
identify, describe and filter e-documents are required.  
 
2 Traditional Document v/s Internet document7 
We have now identified a new “document type” – the e-document or the electronic 
document available on the Internet.  Our traditional theories of library science were 
applied to the traditional document. At this point it may be useful to compare the 
traditional document to the e-document and assess to what extent our traditional 
theories may be applied to the e-documents. 
 
Property Traditional 
document 
Internet document 
Form Generally print 
medium 
Electronic medium 
Structure Highly coordinated No coordination 
Presentation Linear Non-Linear 
(hypertext) 
Scope Confined  Vast 
Information Static  Dynamic  
Permanence Tends towards 
permanence 
Highly temporary 
Content Text and images Multimedia – text, 
animations, sounds, 
video, etc 
Tangibility Physically tangible Physically intangible 
 
        Table1: Traditional document v/s Internet document 
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3 Classification of Internet documents  
Traditional documents were classified with the help of classification systems that 
were developed following a great deal of research.  The use of traditional 
classification schemes can be extended to Internet documents as well, with slight 
modifications. 
 
The use of a classification scheme in a subject-based Internet service would be 
extremely useful. It offers the following advantages6: 
1. It brings together small collections of similar resources and thus enhances 
browsing. 
2. The use of a systematic well-supported hierarchical structure supports the 
browsing of these collections  
3. It enables broadening and narrowing searches 
4. It gives a context for search terms and allows filtering and high precision 
searches  
5. If the same classification scheme is used, more than one database can be 
searched with the same approach 
6. Allows multi-lingual access to collections of materials (this is only under 
certain conditions) 
 
The advantages of choosing an existing classification scheme would be, (a) users 
are possibly well aware of the scheme and (b) chances that the scheme will become 
obsolete are less.  
 
The major criteria for choosing a classification scheme would be the following: 
1. Scope of the subject 
2. Language 
3. Geographic coverage.  
4. Availability in machine-readable form 
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Applying the rules of classification to net documents however, are not without a 
few disadvantages: 
 
1. Classification schemes often split up collections of related material. This 
can be partly overcome with good cross-references. 
 
2. The illogical subdivision of classes: some popular schemes do not always 
subdivide classes in a logical manner. This can make them difficult to use 
for browsing purposes.  
 
3. Including new subjects of interest: The growth of the net is very rapid, so 
are its subjects.  Traditional Classification Schemes may not be capable of 
keeping in pace with this rapid growth. Unless and until a new subject and 
position is assigned, assigning subjects to documents dealing with the new 
subject becomes ambiguous. 
 
4 Tools for automatic subject assignment 
As classification is a time consuming and expensive task, there is a need for tools 
for automatic classification.  Research in this area is being carried out by a number 
of organizations.  There have been several other attempts at automatic subject 
classification.   
 
4.1 Nordic WAIS/WWW Project 
This project of Lund University, attempted to automatically classify WAIS 
databases. (URL:http://www.ub2.lu.se/auto_new/UDC.html).  The system used the 
UDC as its basic classification scheme.  It was one of the first attempts at applying 
the basic classification techniques for improved retrieval for e-documents way 
back in 1993.   
 
Paper: AD                                                                                                     Smitha Srishaila 
 6
The part of the project that dealt with "Automatic indexing and classification of 
WAIS databases" consisted of three elements 7: 
1. Automatic detection of new WAIS databases  
2. Automatic classification according to UDC (the English medium edition)  
3. Construction of a WAIS subject tree based on the top levels of UDC. 
 
This service however has not been updated since 1996.  This is because, today, 
WAIS databases are hidden behind the world wide web (WWW) pages, as all 
directory-of-servers listed as WAIS databases have ceased their operations.  It is no 
longer easy to discover these databases, let alone collect any information from 
them. 
 
However, the classification module of the software is still usable.  It performs the 
following tasks: 
1. Takes information from the keyword field and free-text parts of the selected 
database descriptions.   
2. Constructs a list of keywords for every WAIS database.  
3. Augments the list with subject terms for the same database collected from 
different sources on the net.  
4. Constructs a new list of suggested classifications by comparing words from 
the collected descriptive vocabulary with UDC’s vocabulary 
5. Makes a match 
6. When a match is found, the corresponding UDC classification is added to 
the suggested list with a weighting depending on the origin of the keyword 
(source) 
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4.2 Project GERHARD (German Harvest Automated Retrieval and 
Directory) 
GERHARD is a project of Oldenburg University Library, Denmark.  
URL:http://gerhard.bis.uni-oldenburg.de/ 
The aim of the project is to establish a service for searching and browsing German 
Internet resources 7.  It aims at creating a robot generated index of e-documents and 
automatically build a browsing structure by subject.  GERHARD uses UDC as its 
backbone classification scheme. A robot gathers the documents, matches them to 
the UDC entries and creates a searchable index and an automatically generated 
subject tree using computer linguistic algorithms.  
 
The automatic classification process consists of two parts: the computer linguistic 
analysis and the matching to the specially prepared UDC scheme. 
 
HTML pages are segmented into suitable entities, words and phrases using natural 
language techniques.  These entities are then compared with a specific dictionary 
created with the UDC system.   This comparison results in a set of UDC numbers 
for every document. These are ranked and weighted statistically according to the 
frequencies and structure of the document.  
 
A database is now created with the relevant parts of the document contents indexed 
together with the resulting classification notations.  This database may be searched.  
In addition a UDC subject tree for all documents is dynamically generated and 
provided as a browsing structure.   
 
4.3 Automating Dewey Decimal Classification 
A project of the Documentation Research & Training Centre, Indian Statistical 
Institute, Bangalore,  “Automating Dewey Decimal Classification” attempted at 
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using Natural Language Processing techniques to identify the subject of a given 
title and then assign the DDC number.  Although this project attempted at 
classification of book titles, the same theory could be extended to Internet 
documents. 
 
The model consists of three modules: 
1. A natural language parser 
2. A frame based expert system 
3. A rule base for computing the classification number  
 
In order to construct the parser, Definite Clause grammars were identified which 
would perform the syntactic analysis of the title.  For this a lexicon is required.  
The lexicon consists of subject key terms, which are taken from the Relative Index 
of DDC. Assigning the parts of speech to each of the terms further enriches the 
lexicon, so that the parser identifies only the noun phrases as a unit.  This helps 
identify the subject phrase and is especially helpful in identifying multi-worded 
keywords.  
 
4.4 Semio Solutions 
A commercial tool, this provides business solutions by providing fast and easy 
access to information.  Its features include: 
Ø Automatic extraction of key concepts from large volumes of text-based 
content 
Ø Structuring information into logical categories, drawing connections 
between concepts  
Ø Providing user-friendly access to the structured information 
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5 Scorpion: A tool for automatic subject recognition 
Scorpion is a research project at the Online Computer Library Center (OCLC), 
Ohio. It may be considered as one of the most important research works in the area 
of automatic subject recognition in recent times. Scorpion combines the theory of 
Indexing and Cataloguing, both theories being complementary to one another. The 
focus is to build an automatic subject recognition tool using the techniques of 
Information Retrieval and Library Science. Research on the Scorpion project is 
based on the following premise: 
 
“Resources to be catalogued can be treated as queries to a Dewey database 
resulting in a ranked list of potential subjects”1  
 
    
                                                Query 1 
 
                              
    
 
                                                 Query 2 
 
    
 
 
                                                 Query 3 
 
 
 
E-resources         Input queries     
 Results 
 
Fig. 1: Scorpion:  the basic model  
 
Each resource that has to be assigned a subject is input as a query to a Dewey 
Database (the details of which are explained in the following section).  The 
database in turn, returns a ranked list of potential subjects for each query.  This 
has the limitation of not being fully automated system.  However, as the system 
provides us with a ranked list of potential subjects, this assists the subject expert 
(cataloguer) to decide upon the most appropriate subject for the particular resource.  
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For better understanding of the Scorpion Project as a whole, it may be convenient 
to divide the project into the following different tasks that were undertaken at 
different stages: 
Ø Identification of a Knowledge Base for Automatic Subject Assignment (in 
this case DDC) 
Ø Validating the Class Integrity of the Knowledge Base 
Ø Identification of the input documents as queries to the database 
Ø Evaluation of the obtained results 
Ø Modifications made to improve the obtained results – building filter, etc 
Ø Measuring the quality of the refined results  
 
6 Why the Dewey Database? 
The challenge taken up by the Scorpion team was to apply classification schemes 
and subject headings cost effectively to electronic information.  A hypothesis of 
Scorpion is that Dewey Decimal Classification may be used to perform automatic 
subject assignment for e-documents.  But why DDC?   
 
DDC is currently the most widely used Scheme of Classification spanning over 
135 countries and 30 languages.   
 
DDC has a hierarchical structure – each concept has a number.   Each number 
identifies the concept and places it appropriately in the hierarchy of concepts.  
  
For readability, DDC numbers are presented in sets of threes.  For numbers longer 
than three digits, a decimal point is placed after the first three.  Ex: 791.457 
 
The hundreds position (the first digit) represents the Basic Subject  
The tens position (the second digit) represents sub disciplines of the basic subject  
Then ones position (the third digit) represents sub disciplines of the tens and so on 
 
Tools for Assigning subjects to e-documents………                                               Paper: AD 
 11 
Consider our example, 791.452 
700 The Arts 
790   Recreational and performing arts  
791      Public performances  
791.4     Motion pictures, radio, television 
791.45 Television 
791.457 Programs 
 
We can observe that a shorter number thus depicts a more general subject and a 
longer number depicts a more specific subject.  These features will be taken into 
account at a later stage while building filters to the result set of resources. 
 
There are approximately 30,000 numbered concepts in the DDC schedules.  Thus, 
there is a very high potential for any of these concepts to be overlapping, 
ambiguous or redundant.  In order to build a Knowledge Base of a classification 
tool, it is imperative that each subject definition should be unambiguous and 
unique. The question that now arises is “ Can DDC partition information into 
disjoint classes? ”6 In other words “what is the class integrity of DDC concept 
definitions?” 
 
To understand this, let us study the following example: 
Psychological influence of clothing  
 
This title needs to be viewed from three perspectives  
1. clothing with respect to psychology 
2. clothing with respect to customs related to them  
3. clothing with respect to fashion design 
 
Each of these has a unique number in DDC.   
155.95 is a part of the discipline of psychology 
391 is a part of the discipline of customs 
746.92 is a part of the discipline of the arts 
 
Thus DDC can handle class integrity.  
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7 OCLC and the Editorial Support System (ESS) 
Scorpion is a project of OCLC.  OCLC maintains the DDC electronically via the 
Editorial Support System.  ESS records contain all raw data used to print out the 
hardcopy of the latest version of DDC.   
 
The ESS has a variety of labeled fields.  Some or all the fields may be used to  build 
a ranked retrieval database for automatically assigning subject codes to electronic 
resources. Then by treating a document as a query against such a database, the 
results can be viewed as a possible list of subject assignments to the document. 
This hierarchical list   may be treated as a guideline to choose the potential subject 
for the e-resource.  
 
The concept explained above makes the theory on which Scorpion attempts 
automatic subject recognition clearer - “resources to be catalogued can be treated 
as queries to a Dewey Database resulting in a ranked list of potential subjects”.  
 
The different stages to be adopted to achieve this would be: 
Step 1: Identify the group   of ESS records to be included in the Ranked Retrieval 
Database 
 
Step 2: Select the individual fields from these records to be used to build the 
database 
 
Step 3: Input the e-resource to be catalogued as a database query to the ranked 
database 
 
Result: A ranked list of potential subjects for the e-resource from which the 
cataloguer may choose the most appropriate.  
 
8 Filtering the result set 
Although the ranked lists of potential subjects to be assigned were found to be 
useful, filters were used to improve the result set.  “ Research indicates that the 
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presence of any unexpected results in a Scorpion result set diminishes the 
perceived quality of the whole set despite the accuracy of other results.” 3 
 
The following filters were developed: 
1. 3-digit filter:  This filter is used only when a broader classification is 
desired.  The DDC number is collapsed to the first three digits.  For 
example, 721.54 or 721.872 is collapsed to 721 
 
2. Cluster filter:  A clustering algorithm clusters all results.  Then, as those 
clusters with lower weights and fewer entries seem less relevant, they are 
pushed to the bottom of the result set. 
 
3. Above average filter:  Average weight of all the results are computed.  Any 
number below the average weight is discarded 
 
4. Additive caption and terms: Consider the following example, 
341.75   International Economic law 
341.7582   International Copyright law 
In the case of International Economic Law, Scorpion retrieves two results – 
one a subset of the other in order to provide the right context.   This filter 
removes the more general term and keeps only the specific.  
 
5. Most General Ancestor: Consider an extension of the previous example: 
341.7582   International Copyright law 
341.7584 Design protection 
341.7586  Patents  
341.758  Intangible property 
If Scorpion returns the above set, it is most likely that the resource is about 
Intangible property.  The Most General Ancestor collapses all the other 
results and returns only the most general ancestor, in this case – 341.758 
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9 Measures to evaluate two sets of Scorpion results 
It was found that by comparing two Scorpion result sets, it was difficult to say 
which one was better than which.  This was possible only if a very large number of 
target sets were compared.  For this, NetFirst was used.  
 
9.1 NetFirst Study 
NetFirst is a collection of bibliographic records for Internet resources with human 
assigned DDC numbers. It was assumed that since humans catalogued the 
resources, this result set would be the ‘good set’, and the Scorpion result set would 
be compared to this.   
 
Each NetFirst record on an average has two Dewey subjects assigned.  First, the 
Dewey numbers in the two sets were matched.  The following measures of matches 
were developed: 3 
 
a. Two numbers have a hundreds match if the first digit of both match.  For 
example, 6 in 633 and 675.8  
 
b. Two numbers have a tens match if the leading two digits both match. For 
example, 63 in 632.87 and 633.25 
 
c. Two numbers have a ones match  if the leading three digits match. For 
example, 63 in 633.87 and 633.25 
 
d. If one number is a proper prefix of another, the longer number is a more 
specific match than the shorter match.  Similarly, the shorter match is a 
more general match  than the longer.  For example, 633.87 is more general 
than 633.877 and more specific than 633.8 
 
e. Two numbers have a correlation match if one appears in the result set of the 
other, when the other is used as an input to Scorpion.  Correlation matches 
take into consideration concept overlapping which do not necessarily have 
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similar prefixes.  For example, 401.41 and 808.0014 both deal with 
discourse analysis  
 
f. Two numbers are synonyms if one of them is marked as being an optional 
Dewey number for the other in the DDC Schedule 
 
g. If H is a human assigned number (or any value to be evaluated), S is a 
Scorpion assigned number, and S is the longest prefix of H, then S is the 
best possible match  for H.  Scorpion may be capable of returning only the 
prefix of the ideal number that is assigned by the human using the schedule 
 
h. Two numbers are an exact match if they are the same 
 
i. Two numbers have a close match if they have either a more specific, a 
correlation, a synonym, a best possible or an exact match 
 
j. Two numbers have a relevant match if they have a match of any kind 
 
The above measures are now used to compare two sets of results for a document.  
A number is first taken from the first set, compared against all the numbers in the 
second set and this process is reiterated for every number of the first set.   
 
However, the above measures did not prove to be accurate in evaluating the result 
set.  The following diagram3 shows the expected results, and the acquired results. 
 
 
 
 
Fig. 2: Comparison of NetFirst results and Scorpion results 
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Fig.2 A indicates, that the Scorpion results are far removed from the human 
results, which may further indicate that they are wrong.  However, research shows 
that if a large number of cataloguers are given the same book, it is highly unlikely 
that they will all assign exactly the same number.  However, the cataloguers will 
assign a number that fall into a particular range, as represented in Fig B.  
Comparing the Scorpion results to this expected range, as represented in Fig C, 
only a small portion of the Scorpion results do not make it into the expected set.  In 
their research to come, researchers at Scorpion aim at making all the results fall 
within the expected result set. 
 
10 Some questions that arise 
Scorpion is a research project of OCLC that aims at exploring the possibility of 
indexing and cataloguing electronic resources.  Its major focus is on automatically 
identifying the basic subject, as subject is the key access point to any resource.  
 
In the course of the project, although a considerably robust tool for automatic 
assignment of subject has been evolved, a few questions remain unanswered: 
 
1. How would Scorpion behave to a classification scheme other than DDC? 
 
2. Would it be possible to integrate a classification scheme and other systems 
such as a subject vocabulary 
 
3. How does the system take care of documents that come under new subjects 
that have not yet been included in the classification scheme? 
 
4. How does the system respond to resources with respect to time span, dates, 
etc? 
 
5. What are the criteria to be applied to use a particular filter to a particular 
result set?  
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6. It is a fact DDC and most classification schemes were developed with the 
primary purpose of  “shelf arrangement”.  The primary purpose of Scorpion 
is not shelf arrangement but to automatically identify the subject of a 
resource.  Would it be more helpful to use a controlled vocabulary such as 
LCSH (Library of Congress Subject Headings), which also has a 
hierarchical structure? 
 
11 Conclusion 
Ever since Library Science evolved as a “science”, it has been the job of the library 
professional to organize information – be it a document in the traditional form or 
any form.  Today, with the advent of electronic information and with it the chaos, 
Internet needs the science of library professionals to bring in some order and thus 
make the existing resources more accessible and more widely used. We need to 
exploit technology to build a bridge between traditional library systems and 
digitized documents. Attempting at indexing and cataloguing e-documents is a step 
forward in this direction.   
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